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Abstract: Symmetry holds a prominent position in defining the optical response of a 
nanoantenna. In this work, we harness a mathematical tool, group representation theory, 
combine it with the eigenmode analysis for a nanoantenna, and illustrate how the symmetry 
allows or forbids the energetic coupling (і.е., interference) between a nanoantenna's 
eigenmodes. We do this especially using a nanobar structure and a symmetric cross structure. 
Further, the consequence of symmetry-breaking is illustrated by an asymmetric cross-shaped 
nanostructure, 1.e., a strong asymmetric Fano-type resonance line shape due to mode 
interference is observed with the physics behind elaborated. Both numerical and experimental 
evidences are provided. 
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The effect of miniaturization 
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1. Working frequencies (Optical) - Metals - Reduced Conductivity 


) 


skin depth ~ Thickness of nanoantennas 


) 


Surface Current -> Volumetric Current 


2. Metals - Dispersion 
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Numerical methods tn the analysis of nanoantennas 
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An more effective and economical way to test and validate our ideas: 


Differential Equation 
Based Method 


(Discretize entire байцы FEN 
Space) 

Integral Equation EOS eee 1 
Based Method | | 
(Discretize the T-MoM | X VIE- V-MoM | 

volume where the | | 

current is flowing) L | 


Local Response Iheory: The interaction of 





light with a nanoantenna 
A General Relation: 
E, (£r) = Ene (r) + Eat (T) r € Space 
At the nanoantenna: 
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jo(e(r,o)— =) Local Response 
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The Induced Current: 
Z (Jma (r)) - E, (r) re V 
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Numerical Solution — V-MoM 
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Testing Procedure: 
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An Example: Dimer 
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W = 135 nm, L= 100nm, H =50 nm, Gap = 20nm 
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Problem solved? 





Good News: We can in principle predict the EM fields at all 
Space points for a given incident field. 


Bad News: Incident Field Dependent ... 





Q: Independent from the excitation? 


standard eigenvalue problem for a nanoantenna 





"AR (г) =E, (r) 


Eigenvalue problem for a nanoantenna !!!: 


Z J; (r.)) 2 Aj (o) 








J, (r.c) 





š 
| 
- 
ч 
a Е 
ü = 


L1 — L4 are extracted at 600 THz 





W = 50 nm, L = 250 nm, H = 50 nm 


[1] C. E. Baum, “Emerging technology for transient and broad-band analysis and synthesis of antennas and scatterers,” Proc. IEEE, 64, 1598-1616. 
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Properties of eigenvalues: Response (1) 





Hesponse to a given incident light: Z\J (г, 27), = E... (г, (д) 


Eigenmode expansion of currents!!: J(r,@) = ? cJ, (r.c) 
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Orthogonality of eigenmodes: (J (г, o),J I (r.c)) 


The coupling coefficients: c; (o) = Z5) 
i Minimum = Resonance 


Properties of eigenvalues: Response (Il) 
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Simulation 
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Disentangle the material and the geometry 
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1. The eigenmode is completely defined by the geometry. 


Z J; (г, 2 = Pied (о) Ji (г, e) 

2. The response is the result of both the geometry and the plasmonic 
material. 
Eigenvalue: 2 (о) = 2 (о) ЕЗ Ди (Ф) 
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Properties of eigenmodes: Orthogonaility 





Orthogonal in a “reaction” sense !' 3! 


E 
NOT Orthogonal in a “power” sense 
(3; (т.о) тоа To) d'= 5, 
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Properties of eigenmodes: Interference 
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When evaluating the power delivered from incident light to a nanoantenna: 
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Cross Term z Interference 





[1] X. Zheng, et. al., “Volumetric Method of Moments (V-MoM) in Modelling Nanophotonics: A Review,” FERMAT 4, July-August, 4 (2014). 


Properties of eigenmodes: Spectral Features 
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W =70 nm, L = 370 nm, H = 50 nm 
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[1] X. Zheng, et. al., “Volumetric Method of Moments (V-MoM) in Modelling Nanophotonics: A Review,” FERMAT 4, July-August, 4 (2014). 
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Properties of eigenmodes: Interference 
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Properties of eigenmodes: Group Theory 








Geometry 


б = {E, my} abstract 


Irreducibe Representations of the Group 1] = {1,1} 


12 = {1,-1} 


Basis Function 1 - Г. Basis Function 2 - I 


concrete 





“Two functions which belong to different irreducible 
representations or to different rows (if the representation Is in 
matrix form) of the same unitary representation are orthogonal 


in an inner product sense." [1-2] 
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Properties of eigenmodes: Symmetric Cross 
Structure (II) 
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Properties of eigenmodes: Asymmetric Cross 
otructure 
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Properties of eigenmodes: Asymmetric Cross 
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Structure (II) 
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Properties of eigenmodes: Asymmetric Cross 


structure (III) 
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Properties of eigenmodes: Chiral Structure (1) 





C, Group (Abelian) 
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Properties of eigenmodes: Chiral Structure (II) 
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4 Coupling Coefficients (1e7) 
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Conclusions 





— Volume Integral Equation: Interaction between Light 


and Nanoantennas 
— Standard Eigenvalue Problem 


— Eigenmodes Orthogonality and Group 


Representation Theory 
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